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ABSTRACT

Energetics of the Vistula Bay ecosystem is estimated based
on observations made by the authors in the northern Vistula
Bay occupying the intermediate position between the freshwater
and sea bodies of waters. The hydrobiont community is
represented by euryhaline species: phytoplankton - 78, zoo~
plankton -+46, benthos - 40, fish - 25. A group of species
resistant to envirconmental changes has been distinguishecd. o

Main biomasses during the vegetation season were: 6.2(8.7kJ),
of phytoplankton, 2.5(5.2 kJ) of zooplankton, 26.1(78.3kJ) g n2

of benthos. Yizld of aboriginal fish amounted to 1.4 tons km 2

(60 kJ n~2).

Annual primary production was 12382, effective - 9870, pure -
3870; zooplankton and benthoS production during vegetation period
amounted to 330 and 1000 kJd m'z. respectively. Ratios of p.oduc-

.:'mn of planktonic crustaceans, benthos aad fish catch to primary
production were 2.7, 8, 1 and 0.05 %, respectively.

Rations of planktonic crustaceans constitutea 1000 kJ a2 of
bottom invertebrates - 3000 kf ln-2 and of -£ish - 18 kJ m-? Hydro-
bionts of the Bay are characterized by a relatively short food
chain and narrow food spectrum. Yield of aboriginal fieh is
formed mainly due to detritus food chain.
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- INTRODUCTION
The throlégical regime of the Vistula Bay places it between

_ the freshwater and sea bodies of water where the salinity fluctu-

ates between 0.3 and 8.3 %. The total area is 838 km2 of which
472 kn® are within the limits of Russia. The water exchange with
the Balti¢ Sea occurs through the strait 400 m wide. The meen
depth of the strait is 2.7 m (Gidromet. c.., 1971). '

The Béy plays en icportant role in the fisheries. The Baltic
herring (Clupea harencus membras), breaa (Abramis brama), pike-
percht‘(Stizostedion lucioperca) end eel (Anguilla ansuilla) are

_caught there, the mean long-term catch from the Russian part of

the By constituting 8150 tons (92 % of total catch is made of the
spawning part of tl;e' Beltic herring population). The catch of the
aborigingl f£ish azouats té_ 680 tons, the proportion of the breem

being 320 tons, of the pike-perch -~ 200 toas and of the eel - 100
‘tons. The fish yield with regard to the Bzltic herring is 17.2

end for the aboriginal fish — 1.4 tons k2.

The studies in the Vistula Bay have been carried out since the
beginning of the XXth century. After the World War II, the re~
séa:;ch was resumed by the Russian and Polish scientists. The Labo-

‘ratory of Estuamies of the AtlantNIRO hes accumulated extensive

naterials. In the .present report an at;'enmt is made to sx.:::maxjize

_the availa‘ble data and to estircate the Bay encrgetics.

MATERTALS 43D METHODS * ‘ .

Conside.red are the observations made by the authors over the
1974 to 1992 period in the Russian part of the Vistula Bay. The
sarpling was nade. .at 9 stations reguls_ly occupied in.the Bay
area. Nansen bottles (phytoplankton), 10L.Vovk plackton.grab - . »
(zooplankton), Petersen dredge with the coverage area of .025m2 .
(benthos). and the small mesh bottom trawl (sampling for the fish
feeding studies) were used as fishing gears. A total of 270
samples of primsry production, 500 samples of phytoplankton, 920
sazples of zooplankton, 560 samples of benthos and 6000 samples
for the fish feeding studies has processed. The plankton was
collected hurizontally at 1m 1nterval during the vegetation
petiod.
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The sauples wers processed using generally adopted methods:

the Gensen's nethod was used for the plankton and benthos estima=-
tion, the "length-weigth" regressions for plankton biomass esti~
nation and the guantitative-weighing metkod for determination of
the food mass weight and its composition. Primary production was
estimated by the bottle methed in the oxygen modification, and the
secondary production by the cohort method, The rations of the in-
vertebrates and the fish were determined from the energy baleaace
(Winberg, 1956) and diurnal feeding rhythn values (Elliott,
Persson, 1978, Krasnoper, 1984).

. . RESUITS AND DISCUSSION

‘The community of the Vistula Bay hydrobiofts has been formed
under the influence of the varisgble salinity gradlent and is re-
presented by the freshwater and marine euryhaiine speciegé phyto-
plankton -78, zooplankton - 46, benthos — 40, the fish = 25. A
group of species resistant to changes of the enviromental condi-
tions has been'distinguished. During the years differing in hydro~
logical regime, a stable main bod& of organisms waé observed
egainst the backgrownd of reducing numbers of the species other
than the "kernal" species. Seasonality as regards the plankton is
expressed be the avallablli ty of seccessions and seasonal groups
(fig. . ) )

During the recent 20-30 years certain changes took place in
the composition of -predominant phytoplanikttonic forms. The species
of the genera Pardorina, Eudorina and Volvox conzon in the fifties
(Szarejko, 1953) wore missing while the abundance of the bluegreen .
algae increesed. New gpecles of rotifers eppeered in ths zooplan~
kton including Brachionus urceus, the indicator ofgf ~mezossprob.

The scasonsl dynexics of the phyto-, zooplankton end benthos is
characterized by the maxizmums in April-lay ead August-September..

"The zoopleakton and benthos maximums are preceeded by those of the
phytoplankton (£fig.2). ) : V

The bulk of the phytoplankton biomass is Dade of the bluegreen

algae, Gomphosphaeriua lacustris, of the zooplankton biomsss ~ of
_the copepods, Eurytemora affinis, sad of the benthos biorass;
- of the chirouomids, Chironomus plumosis f.l. semireductus.

‘
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Over the vegetation>season; the mean values of the phyto-

" plankton biomass smounted to 6.2 (8.7 .kJ), of the zooplankton

biomass to 2.5 (5.2 kJ) and of the benthos biomass to 26.1
(78.3 kJ) g uw™2 (tables 1-3). '

A smallex cell volume in terms of morphology is a peculzar
feature of the Vistula Bay phytoplankton. A close relationship
of the zooplankton and zoobenthos biomass values, and the’
temperature and salinity of the water was revealed (Krylova,
19873 Naumenko, 1992). . .

In the plankton end benthos distribution in the Bay area, the
sgbundance and blomass of the phytoplankton, Cladocera, chirononids
aend oligochaets increase _with moving awey from the strait covmect-.
ing the Bay and the Baltic Sea. With the copepods, polychaets and
mollusLs this process is of opposite direction.’

The processes ot primary production in the Bay are relatively
stable even throughout the years differing in hydrological regime
(1974-1976). Tvo maxizums of the photosynthesis recorded were in
May and August. The cuzmer maximunm is 1.5-2 tines greater than
that in spring. The annual primary production (A) is 12282 kI -2
and the effective prirmary production constitutes 9870 kJ 2”2, On
the average, 1.3 g of oxygen is spent for destruction during'the
vegetation season at the mean daily P_ = 1.6 g O m™> and the time
of turnover of about three days (table 1). From the total annual

" datea, the piocess of primary production of the substance and the

process of destruction (R) can be described by the ratio-

= 0.254, R = 0.75X = 2.99F,. °

With the primary ‘production volume, the Vistula Bay can be re-
lated to eutrophic bodies of water (Winberg, 1960).

Processes of secondary production also have two maximﬁms, one
in spring and the other in summer-autumn. Over the vegetation
scason, the zoofr lankton production (P ) made up 320, and that of
the benthos (P ) - 1000 kI m~ (cable~ 2 and 3). Ecological
indices of the growth efriciency (K ) and specific rate of produc-—
tion (c D were 0.47 and 0.31 day™ -1° for zooplankton. Annual P/B
were 8.; for chironomids, ,.9 for. oligochaets, 1. .0 for polychaets :
end 1. k for mollusca..hean Vegecacion ratios are :‘;Pz.:_ = 2.77%,

P, 3 =35 %, Py s b= B.1%, ¢ Pb : Py = 0. e The ratlo: ‘of

P

. 9*0datory to nou-'rede.ory pxnxcboqic crustac;ar blonqqs i"‘ Lo

L

nyproxina~cly 40 %
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UTILIZATION oF PIANKIUN AND BEN'J.'HOS BY VISTUIA
) "BAY HYDROBIONTS '

Zooplankton. The ration of the plvtoplankton—eaters consists

. of the algae and detritus. For the predator in addition to the
invertebrates (rotifers, young coBr nggs.v t§e algae and detritua

play an important role. The plenktonic crustecsan cormunity

consuzes 1000 kJ n 2 over the vegetation season. The ratio of the

crustecean ration to the prirary production is 8 2 % and to the

effective product:kon ~.10,2 %. .

~ Benthos. The chironc...ids, oligochaets, polychaets and molluscs
ainly belong to phytodetritus-eaters. The bottom invertebrate

e ration is 3000 kJ n~< over the vegetation season gn average. The '
' ratio of this ration to the primary prod.uction is 20.2 % erd to
the effective production = 30,4 %e

: The fish. The young Baltic herring s Pike~perch ‘aad the other
fish as well as the Baltic lake smelt (Osmerua eperlanus m,
girmchus) the nein plankton-eaters, feed on the zooplankton
(Janchenko, 1982, .1988). The "oopla:zk:"on is pissing from the com-
zercial size fish diet.

The' benthos-eaters (breazm, silver bresa acd pope) feed onvthe
chironcmids anu the roech eat molluscs. In addition to chirono-~
mids, the dietv of .the eels includes the mysids and polychaets. .
The f£ish 1s an occasional food iten (Khlopaikov, 1988). The perch
and razorfish ere facultative predators, the pike-perch oldex
then 2 years are typical pisciverous their fingerlings and the-
-youngs—~of-the~-year feed .on the rysids end fry (£ig.3).

Daily rations of the comex‘cial size £ish renge from 1.2 to
3 2 % of wet body woight. The largest rations have the roach who

.onsume the low-calorie focd, and the eels who inteasively accuzu-
. late the fat. The pike-perch bave the s::xallest ration the food ce~
lorie of which- is approximately twice thas. of the beantkos-eaters:’

The value of the food eaten out by the fish biozass annually -
exempted the fishery iss: 4.4 .(12.2 kJ) for the ben‘hos-eatsrs.
0.2(0.8 kJ) for facultative Sisc:.vorous az2d 1.3 (5.4 kJ) g -

* for the pilke-perch (table 4
The ratio of the bmthos—eater ration to benthes p..o.uction

18 1.2 %. o
‘ The obtained rations show that the energy trasport n-on the .

primary producers.to the ultimate link (catch of the figh) in the
Vistula Bay mainly takes place via the detritus food chain
(fig.‘&) The benthos eating fish make up appro:dnately 70 S of
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the total catch of the aboriginal fish species. The peculiarity
of the energy transport via the pasture chain lies in the fact
that the plankton eating fish do not form the figh yield: the
main zooplankton-eaters—the young Beltic herring - make up the
basic yield in the Baltic Sea. The Baltic lake suelt are the only
plankton-eaters in the Bay, however, their abundance is small,
and they are not of commercial importance. The predators nake up -

30 % of the fish yield, 50 % of their ration being represented

by the Baltic herring, 40 % by the Baltic lake smelt and the
young fish of ’the other species, and 10 % by the pope. Thus only
40 % of the predatory fish production is formed due to the
pasture chain. .
The fish catch to primary productlon ratio indicates the ef- '
ficlency of the substance utilization in a water body (Winberg,
Buljon, 1981). For the Vistula Bay, this ratio was 0.05 %. Such -
a small per cent of the catch can be attributed to the fact that
the pelagic fcod chain in the Vistula Bay is rmainly used for
formation of the Baltic herring recruitment .and actually does -
not contribute ‘to the fish yield of the Bay. '

CONCLUSIONS

1. The Vistula Bey phytoplankson is represented by 78 species.
A small) cell volune, 20 )k m”. on average, is its peculiar
feature. The bluegreen algae predominate. The arnual primary
and effective production are 12380 and 9870 kJ m~2, respecti-
vely. Destruction to productlon ratio is described as
‘R = 0.75 A = 2.99 Pp‘ Two maximums of. photosynthesis - in
spring and summer - are observed. : )

2. The .zooplankton is represented by 46 species, with the copt.h -

pods of marine origine prevailing. Over the vegetation period.
the biomass was 2.5 g m -2 (5.2 kI m~ ) and the production -
330 kI m 2, The phytoplankton maxirums asre followed by two
biomass and production maximums. The zooplankton to ph,yto-»
plankton production ratio was 2.7, and- to effective pbyto-
plankton production - 3.3 [

3. The benthos is represented by 40 species with the chironomids
as the bulk of its biomass. The biomass reaches 26.1 gm ~2. .
(78.3 kI m 2), and the production - 1000 kJ m "2 over the o »

- vegetation period. Two recorded ‘biomass and production e




maximums coincided with the zooplankton maximums. The benthos
to phytoplankton production ratio was 8.1, and to effective

_phytoplankton production - 10.1 %.

The Vistula Bay ecosystem is characterized by having the
substance and energy transformed into the fish yield via the
detritus food chain. Only 10-15 % of the fish yield is
formed due to the pasture food chain, the rest 85-90 %
resulting from the detrijus chain. The pastdre chain forms
the commercial fish recruitment mainly represented by the
Baltic herring. The ratio of the annual catch of the abori-
ginal fish to the phytoplankton production is 0.05 %.
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Table 1.-
Indices of primsry production in the Vistula Bay
(N - abundence, bill.cells m‘j B - biomass, gm "3
P pure primasry production, kJ n 5numt:h
cb- spacific rate of production, d&y
c - gpecific rate of assimilation, day
- index of the growth efficiency)

llonth:!! :B:prcb:c Rt

;I 29.2 0.8 » .

15 29.2 0.6

»
n

I 67.4 2.2 616.3 0.6 0.8 0.76
W 25.4 2.0 511.2 0.8 1.5 0.40
Y  55.5 2.0 836.4 0.8 %ol 0.58
VI . 113.2 2.3 76G.8 0.8 1.3 0.54
VII 273.8 3.5 484.2 0.4 0.7 0.68
VIII  337.0 2.8 1364.6 1.1 1.6 0.76
IX  285.3 2.4 852.0 0.8/ . 14 0.42
x 379.9 1.4 308.1 Q.5 0.8 0.46
I 43.0 1.0 . 85.2 0.5 0.5 0.25
XII'  44.3 1.0 3.2 0.3
b ¢ 140.3 1.8 ;585.6 0.7 250 0.54

‘Table 2.
Indices of zooplankton production in ghe Vistula Bay

(N - gbundance, thous. sp.m 3, B - biomass, g m
R - destruction, g m day )

Month . N : B H Cy : R /B : K,
v 255.8 0.92 0.22 0.16 0.52

v 272.2 1.80 0.33 0,27 0.51
VI 202.2 0.53 0.32 0.36 0.43
VII .~ 89.0 0.49 0.40 Q.43 0.46
ViIiI 91.6 1.22 0.33 0.37 0.42
IX 62.6 0.76 0.25 Q.34 Q.41
X 40.4 Q.55 0.08 Q.24 Q.24

X T 144,53 0.0 0.5 0.3

.- - — .

® - 393.1 2.46 D431 0.3 0.47



Indices of bemthos preduction in thé.Vistula Bay

-1 -

Tsgble 3.

(B - biomass, P, - production, g o~2meth™1 )
¥onth © 3 3 P, : B/B .-
: 4
w 3.1 6.5 0.2
v 21.8 58,9 2.7
Vi 20.9 29.3 1elt
viI 25.4 106.7 4,2
. VILII 35.2 12.3 Oott
IX' 25.0 575 2.3
X 23.0 62.1 N 2.7
- X 26.1 S 47.6 2.0
Table &4

Raticas ana proportion of food base caten-out

LY

by the Vistuls Bay fish ‘

Ration

3 food base.

eaten &ut,

17820

. Fish H vear
species s daily, % of s annual, 8 gm< : kI o<
¢t wet body weigt 2 kd/sp. : H .
Bream 1.6 8545 2.7 7.9
- Bel | 2.6 7180 12 3.5
Roach 3.2 4650 0.5 0.8
Razorfish . 1.8 6470 0.1 0.4
" Perch 1.6 4030 0.1 0.4
ke-perch 1.2 1.3 Seit
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PIGURE LEGENDS

Fig.’1. Flanktocene structure in the Vistula Bay.

Fig.Z.

~ Fig.3.

Fig.d.

-1 = main body; its sesonal groupsj 2 - spring
structure; 3 - summer structure; 4 - autumn s*ructure,.;.
5 - winter structure. = . :

Seasonal dynamics of the Vistula Bay plankton and benthos:

‘Definitions; 1 - phytoplankton, 2 - zooplankton,

3 =« benthos.

Meen food composition of the Vistula Bay fishes during
vegetation season. .

A scheme of food relations of the Vistula Bay hydrobionts.
Definitions: production' A -~ primary, Pi - zooplankton,
IB ~ plankton eating fish, -~ benthos, Ekb ~ non-com-
mercial benthos..eating fish (pope), D - .gdetritus;

yield of fish: Yfﬁ - piscivorous, be ~ benthos—~eaters.

Circle - pasture food chain, rectangLe'- detritus food

chains broken line - value non~idcntified. Brackets
contain ki m 2.
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